Oreodoxa regia HBK, Euterpe edulis Mart., E. oleracea Mart. and E. espiritosantensis Fernandes, present conservation problems, and are classified as recalcitrant, due to the high sensitivity to dehydration, (Ellis et al., 1991; Araújo et al., 1994; Andrade & Pereira, 1997; Martins et al., 1999 ab) .
Moisture is a decisive factor in maintenance of recalcitrant seed quality during storage. In these seeds, the subcellular water is strongly associated with macromolecular surfaces, assuring the stability of membranes and macromolecules. Water loss during the drying process causes a series of metabolic alterations, acting on the control of growth regulators, amount and types of proteins and sugars, presence of free radicals, physical water status, among others (Pammenter & Berjak, 1999) , resulting in the on-set of the deterioration process.
Recalcitrant seeds lose viability when moisture levels are lower than those considered critical. When seed moisture is at or below the levels considered lethal, there is a total loss of viability (Probert & Longley, 1989; Pritchard, 1991; Hong & Ellis, 1992) .
Recalcitrant seed sensitivity to dehydration depends on species, drying rate and drying temperature. In palms, critical and lethal moistures are relatively high, varying from 38 to 27% (Ferreira & Santos, 1992; Andrade & Pereira, 1997; Martins et al., 1999 abc) and from 22 to 12% (Ferreira & Santos, 1992; Andrade & Pereira, 1997; Martins et al., 1999 abc) , respectively. Knowledge of the critical and lethal moisture levels of a species is indispensable for planning and execution of seed drying and storage. Critical moisture content is considered
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Keywords: Archontophoenix alexandrae, Alexandra palm, seed deterioration, electrical conductivity, recalcitrance, desiccation tolerance, critical moisture, lethal moisture. to occur when a significant reduction in germination percentage is observed and lethal moisture content is determined by a complete lack of germination (Probert & Longley, 1989; Pritchard, 1991; Hong & Ellis, 1992) .
RESUMO
For a more complete evaluation of the effect of the dehydration on the deterioration of recalcitrant seeds, it is customary to use vigor tests, such as germination speed, seedling growth rate, electric conductivity and enzymatic activity (Ferreira & Santos, 1992; Araújo, et al., 1994; Andrade & Pereira, 1997; Martins et al., 1999 abc) . These tests are based on physical, physiological and biochemical characteristics of the seeds and are inexpensive, uncomplicated, rapid, objective, reproducible and, most of all, highly correlated to nursery or field performance. Vigor tests are frequently utilized because germination test results do not detect the progress of seed deterioration. They just indicate the status of the process at its final stage (Spears, 1995; International Seed Testing Association, 1993) .
The objective of this study was to determine the effects of seed dehydration on germination and vigor and to identify which vigor test best assesses King palm seed deterioration.
MATERIAL AND METHODS
Mature fruits of King palm, with brilliant red coloration and starting to drop from the bunch (initial stadium of dispersion as reported by Bovi, 1998a) , were collected manually from 10 individuals at the end of January 1999 (rainy season), at the Nucleo Experimental do Instituto Agronômico (IAC), Campinas, São Paulo, Brazil. The fruits were depulped by friction against a steel mesh screen under running water. The seeds were immediately transported in polyethylene bags (20 µm of thickness) to the Faculdade de Agronomia, Botucatu, São Paulo, Brazil. Damaged seeds or those below medium size (0.69 g) were eliminated.
The initial moisture of the seed lot was determined. Seeds were divided into 14 sub-lots, of similar weight. One of the sub-lots was maintained without drying (control). The other sub-lots were placed on trays inside a drying chamber with temperature and relative humidity of 28.52±2.5 o C and 40±10%, respectively. Samples were removed from the chamber every 12 hours.
Seed A completely randomized experimental design was used throughout, with four replicates and with the moisture contents of the seed as treatments. Variance and regression analyses of the data were performed using Microcal Origin, version 3.5. Treatment means were compared by Duncan's test at 5% probability level.
RESULTS AND DISCUSSION
The rate of water loss (Table 1) Figure 1a ). The decrease in normal seedlings was associated with a corresponding increase in dead seeds (Table 1 ). The critical water content was identified as 31.5% seed moisture and the lethal water content as 15.1%. Nonetheless, care should be taken when specifying a value or range of values as critical moisture, below which significant germination rate reduction is observed. As stated by Pammenter et al. (1998) , there are differential responses to dehydration at different drying rates, implying that it is not possible to define unambiguously a critical moisture content for viability loss by recalcitrant seeds. Studies at different drying rates should be done with King palm seeds, in order to verify if this is a valid statement.
The abnormal seedling percentage (Table 1) was larger in the intermediary moisture levels (31.5% to 28.2%). As seed deterioration advanced, caused by seed moistures below 28.2%, the abnormal seedlings with superficial lesions died, causing reduction in this seedling type and an increase in dead seeds (Roberts, 1986) . Several authors (Pammenter et al., 1991; Pritchard, 1991; Berjak & Pammenter, 1997) reported that seeds dried at intermediate moistures could suffer deleterious aqueous-based reactions, leading to poor germination rate and increased abnormal seedlings. Deterioration is a progressive and relentless process, acting on the seed metabolism through biochemical events, leading to membrane degradation and decreased biosynthetic reactions, which result in losses of several performance attributes, such as germination rate, field emergency, increase of abnormal seedlings and, finally, loss of the germination capacity (Roberts, 1986; Spears, 1995) .
The vigor tests applied to King palm (first count germination, plumule and radicule length, and electrical conductivity) showed highly significant correlation coefficients when paired with seed moisture and total germination (Table 2) , as well as among themselves. While first count germination and plumule and radicule length showed a positive relationship with seed moisture, the electrical conductivity presented a negative correlation (Table 2 , and Figure  1b) . Electrolyte leakage increased abruptly as seed were dried below the critical moisture and reaches its maximum value at lethal moisture, corroborating results observed by Walter-Vertucci et al. (1996) in Taxus brevifolia seeds and Martins et al. (1999c) in Euterpe edulis seeds.
The relationship between first count germination and seed moisture was best described by a logistic model equation (Y = 58.97/(1 + 14152.70 *exp -0.32x) , with R 2 = 0.98. First count germination rate decreased abruptly when the seed moisture dropped below 35%. Seedling growth rate, as expressed by plumule and radicule length (Table  1) , was significantly lower for seeds with lower moisture (below 28.2%) than seeds at optimum levels (47.5-34.6%), corroborating the statement by Spears (1995) that seed vigor declines before decreases in viability are observed.
The progressive dehydration intensified the seed deterioration process, as indicated by final germination (Figure 1a ) and vigor tests (Table 1, Figure 1b) , establishing the recalcitrant behavior of King palm seeds. Similar results were obtained for other palm species (Ellis et al., 1991; Araújo et al., 1994; Andrade & Pereira, 1997; Martins et al., 1999 ab) .
The sensitivity of vigor tests is based on the identification of variables related to seed deterioration, which eventually results in loss of the germination capacity (the final stage of the deterioration process). The earlier the detection of seed deterioration, the higher the sensitivity of the test (Marcos Filho, 1999) . Based on that criterion, the electrical conductivity test had the highest sensitivity, detecting a significant increase in conductivity when seed moisture dropped below 31.5%. Moreover, compared to other vigor tests, it was the fastest and the easiest to apply. The differences in sensitivity found among vigor tests are expected, because they evaluated different aspects of seed physiology and the deterioration process. As pointed out Table 2 . Correlation coefficients and significance among traits evaluated during the King palm germination process (n = 56). Botucatu, UNESP, 1999. ***, **, ns -Significant at P < 0.001, P < 0.01 and not significant. by Marcos Filho (1999) , the employment of several vigor tests is recommended in seed quality control.
The present study showed that seeds of King palm are recalcitrant, presenting the highest germination percentage when not dehydrated (initial moisture of 47.5%). Below 31.5% seed moisture, the germination percentage and rate were significantly reduced, and total mortality was observed with seed dehydration below 17.8% moisture, indicating that seeds from that species should be sowed as soon as possible after harvesting. Electrolyte leakage measurement is recommended to evaluate the deterioration caused by dehydration of King palm seeds, because it was the most sensitive, easy to conduct and rapid of all the vigor tests evaluated.
